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TESTS OF DISCRETE SPACE-TIME SYMMETRIES

CHARGE CONJUGATION (C) INVARIANCE

M7 — 37)/Tiotal
n C-nonconserving decay parameters
at a0 left-right asymmetry
0

m T Y sextant asymmetry

+

at 70 quadrant asymmetry
atr— v left-right asymmetry
7r+7r ~ parameter 3 (D-wave)

fn— ’Y)/rtotal

270 )/ Ttotal

370 )/ Ttotal

37)/Ttotal

et e™)/Miotal

F(n — 706t 17)/Total

M(w(782) — 779)/Tiotal

M(w(782) — 279) /Tyl

M(w(782) — 379)/Tiotal

asymmetry parameter for n(958) — nt 7~ v decay
F(n/(958) — n0eT e™)/Tiotal

F(n'(958) — neT e™)/Tiotal

F(n'(958) — 37)/Tiotal

F(n'(958) — ut ™ 70)/Tiopal

(n'(958) — ™t 1™ n)/Tiotal

F(J/4(1S) = 1) /Tiotal

r(J/¢(15) - ’Y‘i’)/rtotal

rn—
rn—
rn—
Mrn—

[a]

<3.1x 1078, CL = 90%

(0.0079:1%) 102
102

(0.127319) x
(—0.09 + 0.09) x 10~2
(0.9 + 0.4) x 10~2
—0.02 4+ 0.07 (S = 1.3)
<9x 1072, CL = 90%
<5x 10~4, CL = 90%
<6 x 107, CL = 90%
<1.6 x 1072, CL = 90%
<4 %1072, CL = 90%
<5x 1070, CL = 90%
<2.1x 104, CL = 90%
<2.1x 1074, CL = 90%
<23 x 1074, CL = 90%
—0.03 £ 0.04

<1.4x 1073, CL = 90%
<2.4x 1073, CL = 90%
<1.0 x 104, CL = 90%
<6.0 x 1072, CL = 90%
<1.5x 1073, CL = 90%
<2.7x 107, CL = 90%
<1.4x 1076, CL = 90%

PARITY (P) INVARIANCE

e electric dipole moment
u electric dipole moment
Re(d -
F(n— 7t 77)/Tiotal
rn— 27T0)/rtotal

rn— 47T0)/rtotal
r(’r]’(958) — 7T+7T_)/rtota|
M(n/(958) — 7070) /Moy

= 7 electric dipole moment)
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<0.87 x 10728 ecm, CL = 90%
(—0.1+0.9) x 10719 ecm

—0.220 to 0.45 x 10710 ecm, CL = 95%
<1.3x 1072, CL = 90%

<3.5x 104, CL = 90%

<6.9x 107, CL = 90%

<6 x 1072, CL = 90%

<4 x 1074, CL = 90%
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M(ne(18) — 7T+7T_)/rtota|
F(nc(15) = 7070)/Mopal
F(ne(1S) = KT K™)/Tiotal
r(n.(18) — K% K%)/rtotal
p electric dipole moment

n electric dipole moment

A electric dipole moment

<1.1x 104, CL = 90%

<4 %1072, CL = 90%

<6 x10~4, CL = 90%

<3.1x 104, CL = 90%

<0.54 x 10723 ecm

<0.30 x 10725 ecm, CL = 90%
<1.5x 10710 ecm, CL = 95%

TIME REVERSAL (T) INVARIANCE

e electric dipole moment
w electric dipole moment
1 decay parameters
transverse et polarization normal to plane of u
spin, e momentum
o /A
/A
Re(d, = 7 electric dipole moment)
P in Kt — 7TO[L+VM
Ppin KT — ,ﬁru/ﬂ
Im(¢) in KT — 70t Yy decay (from transverse
pol.)
asymmetry Ax in Kk0-K0 mixing
Im(&) in K23 decay (from transverse u pol.)
Ap(DF — KLKkEatzm)
Ap(DO — KT K=zt z7)
+ —
Ap(DE — K% Ktn +7r )

A5+ (Se K e+ KO)
AST(Se KS e+ KO)
ACT (€, KY £+ KO)

(Cz KS e+,Kg)

p electric dipole moment

n electric dipole moment

n— pe_ﬁe decay parameters
@Ay Phase of g, relative to gy,
triple correlation coefficient D
triple correlation coefficient R

A electric dipole moment

triple correlation coefficient D for 3= — ne™ v,
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[b]
[5]
(5]

[e]
[d]
[d]

<0.87 x 10728 ecm, CL = 90%
(—0.1+0.9) x 10719 ecm

(—2+8)x1073

(—10 + 20) x 103

(2+7)x10°3

—0.220 to 0.45 x 10716 ecm, CL = 95%
(—1.7 £ 2.5) x 1073

(—0.6 +1.9) x 1072

—0.006 + 0.008

(6.6 = 1.6) x 10~3
—0.007 + 0.026
(—12 +11) x 103
(1.7 £ 2.7) x 10~3
(—14 + 8) x 1073
~1.37 £ 0.15

1.17 £ 0.21
0.10 + 0.16
0.04 + 0.16
<0.54 x 10723 ecm

<0.30 x 10725 ecm, CL = 90%

(180.017 + 0.026)°

(—1.2 £2.0) x 1074

0.004 =+ 0.013

<1.5x 10710 ecm, CL = 95%
0.11 4 0.10
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CP INVARIANCE

Re(d7"]/)

Im(d¥)

n— rta"ete™ decay-plane asymmetry
Fn — 7T—i_ﬂ'_)/rtotal

M(n — 27T0)/rtotal

Mn — 47T0)/rtotal

r(n'(958) — 71'_'_7"_)/rtotal

F(n/(958) — 7070)/Tiopal

Kt = rfete rate difference/sum

Kt = 7Eputu rate difference/sum

Kt — :l: ~ rate difference/sum

KT o ot + ~ rate difference/sum

Kt - 7t50 O rate difference/sum

KE — rtats= (g, —g.) /(g4 +8.)

KE — rtr 770 (e —&)/(gy +5-)

Ag = | r(K% — 7~ et Ve) - r(K% — at e T,) ]
/ SUM

Im(n, _g) = Im(A(KY — 77~ 7x0, CP-violating)
/A(K(L) — ata—x0y)

Im(11000) = Im(A(KY — 707070)/A(KQ —
71'071'071'0))

= [A(KS — 379)/AKD) — 370)]

_e+ e_

|77000|
CP asymmetry A in K% - atrx
r(KS = 379)/Migtal

linear coefficient j for K(L) — gt a0
quadratic coefficient f for K(Z — gt 70
|e/_‘__,y|/e for K(Z — ata T~y

‘gE1’ for K(L) — 7T+7r_’y

MK = 70T ™) Motal

r(KY — 7Yt e™)/Mgtal

F(K? — 0 v?)/Tiotal

ACP(DZE — 'u:tl/)
ACP(D:t — K(Beill)
Acp(DF — KQn%)
Acp(DE — KForE)
ACP(DZE — K¥7T:tﬂ'j:ﬂ'0)
Acp(DF — K xtx0)
ACP(DZE — K%ﬂiﬂ+ﬂ_)
Acp(DF — 7 70)
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<0.50 x 10717 ecm, CL = 95%
<1.1x 10717 ecm, CL = 95%

(—0.6 +3.1) x 1072
<1.3x 1072, CL = 90%
<35x10~4, CL = 90%
<6.9x 1077, CL = 90%
<6 x 1072, CL = 90%
<4x 1074, CL = 90%
(—2.2 4+ 1.6) x 1072
0.010 + 0.023

(0.0 £ 1.2) x 10~3
(0.04 =+ 0.06)%

(—0.02 + 0.28)%
(—15+22)x10~%

(1.8 + 1.8) x 10~4
(2 + 10) x 10~3

—0.002 £+ 0.009

—0.001 + 0.016

<0.0088, CL = 90%
(—0.4 + 0.8)%

<2.6 x 1078, CL = 90%
0.0012 = 0.0008

0.004 + 0.006

<0.3, CL = 90%

<0.21, CL = 90%
<3.8x10710, cL = 90%
<2.8x10710 cL = 90%
<2.6 x 1078, CL = 90%
(8 + 8)%

(—0.6 + 1.6)%

(—0.41 + 0.09)%

(—0.18 + 0.16)%

(—0.3 +0.7)%
(—0.1+0.7)%

(0.0 £ 1.2)%

(2.9 + 2.9)%
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AOP(DZE — 7T:l:’l7)
Acp(DE — xE5/(958))
Acp(KO /KO K*)

Acp(D*F
Acp(D*E
Acp(D*E
Acp(D*E
Acp(D*F
Acp(D*F
Acp(D*E
Acp(D*E
Acp(D*E
Acp(D*E
Acp(DE
Acp(D*E

—

—

—
—
—

—

—

—

KL K¥)

Kt K= %)
K:l: K*O)

g )

KE K5(1430)0)
KE K3(1430)0)
KE K§(800))
a(1450)0 7 %)
$(1680) 7 ¥)
ata~ 71':‘:)

K% KErta— )
K* 70)

Local CPV in DT — nta— gt
Local CPV in DT — KT K~ n*
|q/p] of DO-DO mixing

Ar of p0-po mixing

Where there is ambiguity, the CP test is labelled by the DO decay mode.
Acp(D® — KTK™)

Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°

Ac p(nonresonant DO — ata—n

—

L A e A e A

—

KSKS)
T xT)
7r071'0)
7r+7r_71'0)

p(770) T 7~ — 71'+7r_7r0)
p(770)07r0 — 7r+71'_71'0)
p(770) " 7t — 7T+7T_7T0)
p(1450)F 7~
p(1450)07r0 . 7r0)
p(1450) " 7t — 7T+7T_7TO)
p(1700)F 7~
p(1700)07r0 — ata~ 7r0)
p(1700) " nt — 7T+7T_7TO)
f0(980)7r0 — ata— 7r0)
f0(1370)7r0 — atr—x0)
f0(1500)7r0 — ata~ 7r0)
1’0(1710)71'0 A 7r0)
f2(1270)7r0 — atrx0)
a(400)7r0 — ata— 7r0)

%)

N I 71'0)

I 71'0)
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[g]
[g]
[g]
[g]
[g]
[g]
[g]
[g]
[g]
[g]
[g]
[g]
[g]
[g]
[g]
[g]

(1.0 £ 1.5)% (S = 1.4)
(-0.5+1.2)% (S =1.1)
(0.11 £+ 0.17)%

(—0.11 £ 0.25)%

(0.37 £ 0.29)%

(—0.3 +0.4)%

(0.09 + 0.19)% (S = 1.2)
8%

(43120)%

(-12715)%
(~19718)%

(—9 +26)%

(—2+4)%

(—4+£7)%

(-4 +£11)%

78.1%

31%

+0.12
0.92 7509

(—0.125 + 0.526) x 103

(—0.14 + 0.12)%
(=5 + 5)%
(0.01 + 0.15)%
(0.0 £ 0.6)%
(0.3 £ 0.4)%
(1.2 + 0.9)%
(—=3.1+3.00%
(-1.0 + 1.7)%
(0 + 70)%
(—20 + 40)%
(6 +9)%

(-5 + 14)%
(13 + 9)%

(8 + 11)%

(0 + 35)%

(25 + 18)%

(0 + 18)%

(0 + 24)%
(—4 + 6)%

(6 +8)%
(—13 £ 23)%
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Acp(D°
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(DO
Acp(D°
Acp(DO
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(DO
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(DO
Acp(DO
Acp(DY
Acp(DO
Acp (DO
Acp(D°
Acp(D°
Acp(DO

A A e A A A e A A A A
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Kt K= #0)

K*(892)T K~ — Kt K—x0)
K*(1410)t K— — Kt K—x0)
(KTa0)gk— — Kkt Kk—70)
$(1020) 70 — KT K~ 70)
f5(980)79 — Kt K= =0)
ap(980)970 — Kt K= #0)
f5(1525) 79 — K+ K= x0)
K*(892)" KT — Kt K—x0)
K*(1410)~ Kt — KT K= x0)

(K~ 1) s_wave KT — KT K™ x0)

K%WO)

K%n)

K%'

K$ o)

K~ =)

KT77)

K_W+W%

K+W_W%

K%W+ﬂ_)

K*(892)~xt — K%ntr7)
K*(892)T 7~ — K%W+w_)
K%Mya K%W+w_)
K%w—q K%ﬂ+ﬂ_)

K f(980) — KLnt77)
K £ (1270) — Kxtr)
K2 £(1370) — KLzt a™)
KO p0(1450) — KQatn™)
KO5(600) — KLatn™)

K*(1410) " nt —
K3(1430)—7r+ —
K§(1430) " nt —
K3(1430) " nt —
K5(1430) T 7~ —
K*(1680) "7t —
K-ntztzT)

Ktn=atza™)

KtK—ntz7)

K3(1270) T K~ —
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K%W+W_)
K%W+W_)
K%W+w_)
K%W+w_)
K%W+w_)
K%W+W_)

K*0xt k™)

&]
&]
(&]
(&]
&]
&]
(&]
(&]
&]
&]

(-1.0 + 1.7)%
(0.9 + 1.3)%
(—21 + 24)%
(7 + 15)%
(1.1 £ 2.2)%
(=3 +19)%
(=5 + 16)%
(0 + 160)%
(-5 + 4)%
(=17 £ 29)%
(—10 + 40)%
(—0.20 + 0.17)%
(0.5 + 0.5)%
(1.0 £ 0.7)%
(=3 + 9)%
(0.3 £ 0.7)%
(0.0 + 1.6)%
(0.1 £ 0.5)%
(0+5)%
(—0.1 + 0.8)%
(0.4 £ 0.5)%
(1+6)%
(0.1 + 0.5)%
(-13 £ 7)%
(—0.4 + 2.7)%
(—4 + 5)%
(-1 + 9)%
(—4 +10)%
(=3 + 5)%
(=2 + 9)%

(4 + 4)%

(12 + 15)%
(3+6)%
(—10 + 32)%
(0.2 £ 0.5)%
(=2 + 4)%
(-8 + 7)%
(-1 +10)%
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Acp(DO — K¥(1270)” KT — K*0x= k™)
Acp(D® — Ki(1270)t K= — PO KT K™)
Acp(D® — Ki(1270)~ K+ — POk~ KT)
Acp(D9 — K*(1410)T K~ — K*0xt K™)
Acp(D9 — K*(1410)~ KT — K*0r— k™)
ACP(DO — K*OK*0 swave)

ACP(DO — ¢p0 S-wave)

ACP(DO — ¢p0 D-wave)

ACP(DO - ¢(7T+7T_ )S—wave)
Acp((K™ 7r+)P—wave (K+7T_)S—u}ave)
CP-even fraction in D9 — 7t 7= 70 decays
CP-even fraction in DO — K+ K= 0 decays
CP-even fraction in DY — 7t a—at 7™ decays
AADY, = App(KTK™) = Agp(rtn™)
Local CPV in D9, DO — 7t 7= 70

Local CPV in D9, D0 — ntr—xtr—
Local CPV in DO, DO — K%rtn—

Local CPV in DY, DO — K+ K~ =0

Local CPV in D9, D0 — K+t K—atn—
ACP(D;t — pEv)

Acp(DE — KEKQ)

Acp(DE — Ktk—aF)
AOP(D;E — (bﬂ':l:)
AOP(D;E — KiKOSﬂ'O)
Acp(DE — 2kQnt)
AC’P(D;t — K+K_7T:l:7'r0)
Acp(DF — KEKQatz)
Acp(DE — K KkF2rt)
Acp(DE — nta=aE)
ACP(Dsi )
AOP(D;E — 7T:l:’l7/)
AOP(D;t — 777T:|:7T0)
AC’P(D;t — 77/7T:l:71'0)
Acp(DE — KkEx0)
Acp(K9 /KO xE)

ACP(D;t — Kosﬂ':l:)
Acp(DE — KErta)
Acp(DE — KkEp)
Acp(DE — KEq/(958))
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(—10 + 32)%
(-7 + 17)%
(10 + 13)%
(=20 + 17)%
(-1 + 14)%
(10 + 14)%
(=3 £ 5)%
(=37 + 19)%
(=9 + 10)%
(3 + 11)%
(97.3 £ 1.7)%
(73 + 6)%
(73.7 + 2.8)%
(—0.32 + 0.22)% (S = 1.9)
4.9%

41%

96%

16.6%

9.1%

(5+6)%

(0.08 £ 0.26)%
(0.5 + 0.9)%
(—0.38 + 0.27)%
(=2 + 6)%
(3+5)%

(0.0 + 3.0)%
(-6 +5%
(4.1 + 2.8)%
(-0.7 +£3.1)%
(1.1 +3.1)%
(—2.2 +2.3)%
(-1 + 4)%
(0+8)%
(—27 + 24)%
(0.4 + 0.5)%
(3.1 +2.6)% (S = 1.7)
(4 + 5)%

(9 + 15)%

(6 + 19)%
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Acp(BT
Acp(BT
Acp(BT
Acp(BY
Acp(BY
Acp(BT
Acp(BT
Acp(BY
Acp(BY
Acp(BY
Acp(BY
Acp(BY
Acp(BY
Acp(BT
Acp(B%
Acp(BT
rB(B"‘ —
sp(BT —
rB(B“’ —
sg(BtT —
Acp(BT
Acp(BY
Acp(BY
Acp(BT
Acp(BT
Acp(BY
Acp(BY
Acp(BY
Acp(B%
Acp(BT
Acp(BY
Acp(BY
Acp(BY
Acp(BY
Acp(BY
Acp(BY
Acp(BY
Acp(BY
Acp(BY
Acp(BT
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J/p(AS)KT)
J/(1S)7T)
J/ppT)

J/1 K*(892)T)
Nc K+)
P(2S)7T)
P(2S)KT)
¥(25) K*(892)T)
Xc1(1P) 7 )
Xc0 KT)

Xcl KT)

Xc1 K*(892)™)
Do 7r+)
Dop(+1)™ )
Dop(-1)™")
DO Kt)

DO K+)
DO KT)
DO k*t)
DO K*+)

—

e bbbl bl

!

!

A

[K~xTIpK™T)
[K—atx01pKT)
[KT K= aO]pKT)
[7r+71'_7r0]D KT)
[K™ 7T l5K*(892)T)
[K~xT]pnT)
[K_7T+7TO]D7T+)
[KT K= x0)pnT)
[t~ WO]DW+)
[K_W+](D7T)7T+)
K= ) ™)
[K_W+](D7T) K™)
[K_W+](Dy) KT)
[7r+7'r_7r0]D K"’)
[KEKktr]pKT)
[KEKk=xT]pKT)
[KEKk—xT]prT)
[KEKktx~]pnT)
[K*(892) " KT]pKT)
[K*(892)T K~ ]pKT)

Page 7

0.003 =+ 0.006 (S = 1.8)
(0.1 £2.8) x 1072 (S = 1.2)
—0.11+0.14

—0.048 + 0.033

0.01 + 0.07 (S = 2.2)
0.03 + 0.06

0.012 + 0.020 (S = 1.5)
0.08 + 0.21

0.07 + 0.18

—0.20 + 0.18 (S = 1.5)
—0.009 + 0.033

0.5+ 0.5

—0.007 + 0.007

0.035 =+ 0.024

0.017 £+ 0.026

0.007 =+ 0.025 (S = 1.5)
0.095 + 0.008

(123 + 10)°

0.17 £ 0.11 (S = 2.3)
(155 + 70)° (S = 2.0)
—0.58 + 0.21

0.07 £ 0.30 (S = 1.5)
0.30 =+ 0.20

0.05 + 0.09
—03+05

0.00 =+ 0.09

0.35 + 0.16

—0.03 £ 0.04

—0.016 + 0.020
—0.09 £ 0.27

—0.7+0.6
0.8 0.4
04+10

—0.02 £ 0.15
0.04 £+ 0.09
0.23 + 0.13
—0.052 + 0.034
—0.025 + 0.026

0.03 £ 0.11
0.34 + 0.21
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Acp(BT — [K*(@892)T K~ ]pnT)
Acp(BY — [K*(892)" KT]pnT)
Acp(BY — Depyy k™)
Aaps(BY — DKT)

Apps(BT — Dx)

Aaps(BY — [K=aT]pKTa—xT)
AADS(B+—> [K_7T+]D7T+7T_7T+)
Acp(BY — Dop_1yK™)
Acp(BT — [KTKT]pKTa— )

N
ACP(B+ — [7r+7'r_]D Kta—=nt)
Acp(BT — [K™nT|pKTn—nT)
ACP(B+ — [7r+71'_]D7r+7r_7T+)
ACP(B+ — [K_7T+]D7T+7T_7T+)
ACP(B+ — 5*071'_'_)

ACp(BY — (Dfp )0 )
Acp(BY — (Dgp 1))

Acp(BT — D*0k)
(BT — D*OkT)
58T — DOk

- %0 -
ACP(B — DCP(+1)K )
KT)

+ *
Acp(BT — DCP(—I)

Acp(BT — Dep(+1) K*(892)1)

Acp(BT — DCP(_l)K*(892)+)
+ +
ACP(B — DS ¢)
ACP(B+ — D*+5*0)
Acp(BT — D*TD0)
Acp(BT — DT D*0)
Acp(BT — DTDO)
ACP(B+ — K057T+)
Acp(BT — KT 70)
Acp(BT — o'kt
Acp(BT — 1/ K*(892)™)
Acp(BT — o' K§(1430)T)
Acp(BT — ' K3(1430)T)
Acp(BT — nK*(892)T)
Acp(BT — nK3}(1430)T)
Acp(BT — nK3(1430)T)
Acp(BY — wkT)

HTTP://PDG.LBL.GOV Page 8

—0.05 + 0.05
—0.012 + 0.030
0.170 + 0.033 (S = 1.2)

—0.52 + 0.15
0.14 + 0.06

—0.33 £0.35
—0.01 £ 0.09
—0.10 £ 0.07

—0.04 + 0.06
—0.05 £ 0.10
0.013 £ 0.023
—0.019 £+ 0.015
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Kt - 7570 rate difference/sum
§in KO — KO mixing
real part of §
imaginary part of §
Re(y), K 3 parameter
Re(x_), K3 parameter

‘mKO - m70’ / Maverage

(Mo = T0)/Maverage
phase difference ¢gg — ¢4 _

A
Re($n1— + Fmoo)— 4

Acpr(D® — K~ xT)
+ +
ASE - s

S )
( + 10 + 10
PT o+ K K

+ —
PT (5e+,Kg B 5£+,K%)

+ - +
ACC’PT (Cg+,K% o Cg+,K%)

- +
AlCopr (Cg+,Kg - ¢

my-mal/mp
(22|22 %
lap + apl/e

(kp + 1p) /[ Hp
(mp = mz)/ my
(mp — mz) / m
(TA =78/ 7A

ASE‘

-
0+ K

(Tse =75/ 75+
(hyy + o5 )/ gy
(m=— —m=.)/m=_
(r=- = 7=4) /7=
(b= + =)/ |p="]
(mo —mge) /[ mo-
(To- = ™)/ 7o-
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U]

[K]

U

U

(2+5)x10~4
(6+7)x10"4

(—0.6 +1.8) x 1074
(0.10 + 0.09)% (S = 1.2)
(—0.27 £ 0.21)%

(0.4 + 0.6)%

(2.5 + 2.3) x 10~4
(~1.5+1.6) x 107
(0.4 + 2.5) x 1073
(—2.9 +2.0) x 1073
<6x 10719, CL = 90%
(8 +8)x 1018

(0.34 + 0.32)°
(—3+£35)x10°6
0.008 = 0.008

0.16 + 0.23

—0.03 £0.14
0.14 + 0.17
0.03 + 0.14

<7x10710 CL = 90%
(-9 +09) x 1011
<7x10710 CL = 90%
(0+5)x 1070

(9 +6)x10°
(—0.1+1.1)x 1072 (S = 1.6)
—0.001 + 0.009
—0.0006 + 0.0012
0.014 + 0.015
(—3+09)x107°
—0.01 + 0.07

+0.01 + 0.05
(—1+8)x10~°

0.00 + 0.05
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Lepton family number conservation means separate conservation of each of L, LM' L.
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TESTS OF NUMBER CONSERVATION LAWS

LEPTON FAMILY NUMBER

N(Z — eTuT)/Miotal
N(Z — eT7F) /Mol
[(Z — pE7F)/Miotal

o(et
o(et

e — etrF) Jo(et e
e” — uj:7'¥) / o(ete™

limit on 4= — e~ conversion

o(n= 325 — e~ 325)

— ptpT)
— ptpT)

o(u™ 32g _, l/'u32p*)

o(p”Ti— e Ti)/
o(p~ Ti — capture)
o(u”Pb— e~ Pb)/

o(p~ Pb — capture)

limit on muonium — antimuonium conversion Rg =

M(w™
F(u™
F(p™
M(w™
r(r—
r(r—
r(r—
r(r—
r(r—
r(r—
r(r—
r(r—
r(r—
r(r—
r(r—
r(r—
r(r—
r(r—
r(r—
r(r—

Gc / GF

- e ’/epp)/rtotal

— e 7)/Tiotal

e~ et e™)/Motal
e 27)/Tiotal

e 7)/Ttotal

1~ 7)/Teotal

e 70)/Tiotal

K 71’0)/rtotal

e K%)/rtotal

O K%)/rtotal

e” 1)/Ttotal

£~ 1)/ Ttotal
e_po)/rtotal

K po)/rtotal

e” w)/Tiotal

1= w)/Total

e K*(892)0) /Ty otal
™ K*(892)0)/Toral
e K*(892)9) /Ty otal
T K*(892)0) /o)

L e e e A A

HTTP://PDG.LBL.GOV
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[n]
[n]
[n]

<7.5x10~7, CL = 95%
<9.8x 1079, CL = 95%
<1.2x 1073, CL = 95%
<8.9x 1076, CL = 95%
<4.0 x 1076, CL = 95%

<7x 10711 CL = 90%

<43 x 10712, CL = 90%
<4.6 x 10711, CL = 90%
<0.0030, CL = 90%

<1.2x 1072, CL = 90%
<5.7x 10713, CcL = 90%
<1.0x 10712, cL = 90%
<72x10711 CL = 90%
<3.3x 1078, CL = 90%
<4.4 x 1078, CL = 90%
<8.0 x 1078, CL = 90%
<1.1x10~7, CL = 90%
<2.6 x 1078, CL = 90%
<23 %1078, CL = 90%
<9.2x 1078, CL = 90%
<6.5 x 1078, CL = 90%
<1.8x 1078, CL = 90%
<1.2x 1078, CL = 90%
<4.8 x 1078, CL = 90%
<47 x 1078, CL = 90%
<3.2x 1078, CL = 90%
<5.9 x 1078, CL = 90%
<3.4x 1078, CL = 90%
<7.0 x 1078, CL = 90%
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M~ — e 1/(958))/Total <1.6 x 1077, CL = 90%
Mt~ — p~ n'(958))/Tiotal <1.3x10~7, CL = 90%
Mt~ — e £5(980) — e~ nt77)/Miotal <3.2x 1078, CL = 90%
M(r~ — u= f(980) — p~ 7t 77)/Tiotal <3.4x 1078, CL = 90%
M~ — e ¢)/Tiotal <3.1x 1078, CL = 90%
M~ = 17 9)/Tiotal <8.4x 1078, CL = 90%
M~ — e ete™)/Motal <2.7x 1078, CL = 90%
M~ — e pT ™)/ Tiotal <2.7x 1078, CL = 90%
M~ — et u7)/Tiotal <1.7x 1078, CL = 90%
M~ — peTe™)/Miotal <1.8x 1078, CL = 90%
M~ — e e™)/Miotal <1.5x 1078, CL = 90%
M~ — p= ot ™)/ Tiotal <2.1x 1078, CL = 90%
Mr~ — e 77717 )/Tiotal <23 x 1078, CL = 90%
M~ — u~ 7T 77)/Tiotal <2.1x 1078, CL = 90%
M~ — e 7T K7)/Tiotal <3.7x 1078, CL = 90%
M~ — e 7 KT)/Tiotal <3.1x 1078, CL = 90%
rr= — e KK /Miotal <7.1x 1078, CL = 90%
M~ — e KT K™)/Tiotal <3.4x 1078, CL = 90%
M~ — u~ 7T K7)/Tiotal <8.6 x 1078, CL = 90%
M~ — p= 7" KT)/Tiotal <4.5x 1078, CL = 90%
F(r= = 1= KEKY)/Miotal <8.0x 1078, CL = 90%
M~ — u= KT K™)/Tiotal <4.4x 1078, CL = 90%
Fr— — e 719070)/Fyoral <6.5x 1079, CL = 90%
M= — p=7979) /Ml <1.4x 1072, CL = 90%
M~ — e nm)/Tiotal <3.5x 1072, CL = 90%
M~ — = 191)/Tiotal <6.0 x 1072, CL = 90%
rr= — e 79n)/Motal <2.4 %1075, CL = 90%
r(r— — p— 0 1)/ Ttotal <2.2x 1072, CL = 90%
M(r— — e~ light boson)/Total <2.7x 1073, CL = 95%
M(r— — u~ light boson)/Tyotal <5x 1073, CL = 95%

LEPTON FAMILY NUMBER VIOLATION IN NEUTRINOS

sin2(617) 0.304 + 0.014

Am3, (7.53 4 0.18) x 1072 eV2
sin2(023) (normal mass hierarchy) 0.51 + 0.05

sin2(923) (inverted mass hierarchy) 0.50 £ 0.05

Am%2 (normal mass hierarchy) [p] (2.44 + 0.06) x 1073 ev2
Am%2 (inverted mass hierarchy) [p] (2.51 £ 0.06) x 1073 ev2

(2.19 + 0.12) x 102
[q] <8.0x 1073, CL = 90%
<1.6 x 1070 CL = 90%

sin2(013)
r(7"+ — pt ve)/Ttotal
l_(71'+ — u= etet v)/Tiotal
HTTP://PDG.LBL.GOV
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M(% — 1t e™)/Miotal

r(ﬂ'o - n e+)/rtotal

M0 — pte + pu~ e+)/rtota|
Fn— phe™ + p~em)/Migal
F(n(958) — epn)/Tiotal
M(6(1020) — e 1)/,
I‘(K’" — p veT e+)/rtota|
MKt — ut ve)/Ttotal

MK — atut e )/Total
I_(K_'_ — 7T+u_ e+)/rtota|
r(K(L) - e:l:“¥)/rtotal

I'(K? - eiei,u:':,u:':)/rtotal
F(K? — wouie:F)/l'tota|
F(K? — woﬂoui e:F)/rtota|

r(D+ — rTet 1)/ Tiotal
r(D+ — rte™ ;ﬁr)/rtota,
r(0t — KT et u™)/Tiotal
r(0t — KTe  uh)/Tiotal
r(DO — e™)/Tiotal

r(DO — 70t u¥)/rtota|
r(DO - neiu]F)/rtotm

|'(D0 — gtr—et :“:F)/rtotal
r(00 — p0eFuF)/Tioal
I_(D0 — wet ﬁF)/rtota,

r(D0 — K=Kt et uF) /Mol
r(DO - ¢ei M:F)/rtotal

(D0 — KOe®u)/Mioral
r(D% — K= nt et 1 F)/Motal
r(D0 — K*(892)0 e uF) /T otal
F(D: — atet 1)/ Tiotal
F(Dj — nte™ ;ﬁ)/rtota,
I‘(D:‘ — Ktet #7)/Teotal
I‘(D: — Kte™ “_'_)/rtotal
r(B+ — rTet ©)/Tiotal
r(B+ — ot e_,u+)/rtota|
|'(B+ — gtet :“:F)/rtotal
|'(B+ — nTet 77 )/ Ttotal
r(B+ — ot e_7'+)/rtota|
r(B+ — gtet ﬁ)/rtota,
|'(B+ — atut 77 )/ Ttotal
|'(B+ N T+)/rt0ta|
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[q]

[n]
[n]
[n]

[n]
[n]
[n]
[n]
[n]

[n]
[n]
[n]
[n]
[n]

<3.8x10710, cL = 90%
<3.4x 1079, CL = 90%
<3.6 x 10710, cL = 90%
<6 x 1070, CL = 90%
<4.7x 1074, CL = 90%
<2x 1076, CL = 90%
<2.1x 1078, CL = 90%
<4 x 1073, CL = 90%
<1.3x 10711, cL = 90%
<5.2x 10710, cL = 90%
<47 x 10712, CL = 90%
<412 x 10711, cL = 90%
<7.6 x 10711, CL = 90%
<1.7x 10710, cL = 90%
<2.9x 1076, CL = 90%
<3.6 x 1076, CL = 90%
<1.2x 107°, CL = 90%
<2.8x 1079, CL = 90%
<2.6 x 10~ 7, CL = 90%
<8.6 x 1072, CL = 90%
<1.0 x 104, CL = 90%
<1.5x 1073, CL = 90%
<4.9 x 1072, CL = 90%
<1.2x10~%4, CL = 90%
<1.8 x 10~4, CL = 90%
<3.4x 1073, CL = 90%
<1.0 x 1074, CL = 90%
<5.53 x 10~4, CL = 90%
<83 x 1073, CL = 90%
<1.2x 1073, CL = 90%
<2.0 x 1073, CL = 90%
<1.4x 1073, CL = 90%
<9.7x 1076, CL = 90%
<6.4 x 1073, CL = 90%
<6.4 x 1073, CL = 90%
<1.7x 107, CL = 90%
<7.4 % 1073, CL = 90%
<2.0x 1072, CL = 90%
<7.5x 1072, CL = 90%
<6.2 x 1073, CL = 90%
<4.5x 1073, CL = 90%
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rs+
r(e+
r(e+
rs+
rs+
r(e+
r(e+
rs+
rs+
r(e+
r(e+
rs+
rs+
r(Bo
r(Bo
r(so
r(so
r(so
r(so
r(so
r(so

L T T L A A A A A A
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Las :“:t T )/Ttotal
Ktet 1)/ Tiotal
Kte™ ”_'_)/rtotal

KT et 1) /Teotal
Ktetr )/Ttotal
Kte™ 7'_’_)/rtotal

KT et 1) /Ttotal
Ktutr— )/Ttotal

Kt u~ 7'_'_)/rtotal

Kt #i 7'¥)/rtotal
K*(892)T e 1™)/Tiotal
K*(892) T e~ uT)/Tiotal
K*(892) " e® uF) /Tiotal
et 1)/ Tiotal

0 et 1)/ Teotal

KO et 1)/ Teotal
K*(892)0 et 11 7) /Tiotal
K*(892)0 e~ 1) /Tiotal
K*(892)0 e® uF) /M iotal
et 7':F)/rtotal

:“i 7':F)/rtotal

M(B — setu)/Mioal
rB — we:tpd¥)/rtota|
M(B — pe® uT)/Tiotal
M(B — KeuF)/Miotal
M(B — K*(892)e*t uF) /Tyl

reY —
S

et pt )/Ttotal

F(J/¢(S) — e uF)/Tiotal
F(J/¢(1S) — 7)Mol
F(J/(S) — pFrF)/Miotal

r(7(1S)
r(7(2S)
r(7(25)
r(7(3S)
r(71(3S)
r(/\j:r -
r(/\j:r -

- ”:t 1) /Ttotal
- ei7¥)/rtotal
- /‘i 1) /Tiotal
- e:l:T:F)/rtotaI
- ”:t 1) /Tiotal

pet 1)/ Tiotal
pe “+)/rtotal
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[n]

[n]
[n]
[n]

[n]

<7.2x 1072, CL = 90%
<9.1x 1078, CL = 90%
<1.3x 1077, CL = 90%
<9.1 x 108, CL = 90%
<43 x 1073, CL = 90%
<1.5x 1072, CL = 90%
<3.0x 1072, CL = 90%
<4.5x 1073, CL = 90%
<2.8x 1073, CL = 90%
<4.8x 1072, CL = 90%
<1.3x 1076, CL = 90%
<9.9x 107, CL = 90%
<1.4x 107°, CL = 90%
<2.8x 1079, CL = 90%
<1.4x10~7, CL = 90%
<2.7x 1077, CL = 90%
<5.3x 107, CL = 90%
<3.4x10~7, CL = 90%
<5.8x 10~ 7, CL = 90%
<2.8x 1073, CL = 90%
<2.2x 1073, CL = 90%
<2.2x 1072, CL = 90%
<9.2 x 1078, CL = 90%
<3.2x 1076, CL = 90%
<3.8x 1078, CL = 90%
<5.1x 107, CL = 90%
<1.1x 1078, CL = 90%
<1.6 x 10—/, CL = 90%
<8.3x 107°, CL = 90%
<2.0x 1079, CL = 90%
<6.0 x 1076, CL = 95%
<3.2x 1076, CL = 90%
<3.3x107%, CL = 90%
<4.2x107°, CL = 90%
<3.1x 1076, CL = 90%
<9.9 x 1076, CL = 90%
<1.9 x 1072, CL = 90%
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TOTAL LEPTON NUMBER

Violation of total lepton number conservation also implies violation of lepton family
number conservation.

N(Z — pe)/Tiotal <1.8x 1070, CL = 95%
N(Z — pu)/Tiotal <1.8x 1070, CL = 95%
limit on p= — el conversion
o(p= 325 — et325i%) <9x 10710 CL = 90%
o(u=325 — v,32p%)
o(p 1271 — et 127gp*) <3x10710, cL = 90%
o(pu™ 127 anything)
o Ti— etCa)/ <3.6 x 10711 cL = 90%
o(p™ Ti — capture)
M~ — et 77)/Tiotal <2.0 x 1078, CL = 90%
Mr~ — pT a7 77)/Tiotal <3.9% 1078, CL = 90%
M~ — et 7™ K7)/Tiotal <3.2x 1078, CL = 90%
M~ — eT K™ K™)/Tiotal <3.3x 1078, CL = 90%
M~ — pt 7™ K7)/Tiotal <4.8x 1078, CL = 90%
M~ — uF K= K™)/Tiotal <4.7x 1078, CL = 90%
M~ — pu™ 17 )/Tiotal <4.4x 1077, CL = 90%
M~ — Bt ™)/ Miotal <33 x 1077, CL = 90%
T~ = P7)/Ttotal <3.5x107%, CL = 90%
M~ — p79)/Tiotal <1.5x 1072, CL = 90%
M~ — B210)/Tiotal <3.3x 1072, CL = 90%
M~ — Pn)/Tiotal <8.9x 107°, CL = 90%
rr= — 570n)/Miotal <2.7 %1075, CL = 90%
Mt~ — A17)/Teotal <7.2x 1078, CL = 90%
M~ — A77)/Tiotal <1.4x 1077, CL = 90%
t1),( 0Ge — 765e 4 27 ) >1.9 x 1025 yr, CL = 90%
Frt — w7 7.)/Tiotal [q] <1.5x1073, CL = 90%
MKt — 7 utet)/Motal <5.0 x 10710, cL = 90%
MKt — 7 et el)/Motal <6.4 x 10710, CL = 90%
MKt — 7t ut)/Miotal [q] <1.1x1079, CL = 90%
KT = w5/ Tiotal [q] <3.3x1073, CL = 90%
Mkt — 70t o,)/Tiotal <3x 1073, CL = 90%
r(Dt — 77 2et)/Tiotal <1.1x 1076, CL = 90%
(Dt — 7= 2uF) /Miotal <22 %1078, CL = 90%
(Dt — 7~ et ut)/Tiotal <2.0x 1079, CL = 90%
F(DT — p=2u")/Mioral <5.6 x 1074, CL = 90%
(Dt — K~ 2e1)/Tiotal <9 x 1077, CL = 90%
(Dt — K™ 2ut)/Tiotal <1.0x 1072, CL = 90%
(Dt — K= et ut)/TMiotal <1.9x 107°, CL = 90%
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F(DT — K*(892)™ 2u™)/Tiotal

r(p9
r(p9
r(p?
r(p?
r(p9
r(p9
r(p9
r(p?
r(p9
r(p?
r(p9
r(pt

S
r(pt

S
r(pr

S
r(pr

S
r(pr

S
r(pT

S
r(pt

s
rs+
r(e+
r(e+
rs+
rs+
r(e+
r(e+
rs+
rs+
rs+
r(e+
r(e+
rs+
rs+
r(e+
r(e+
rs+
rs+
rs+
r(e+
r(e+
r(e+
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—

et A A A N A A SN SN SN A At A S A A

2r—2et + c.c.)/Total
2r 2ut + c.c.)/Total
K—n—2et + c.c.)/Tiotal
K—n2ut + c.c.)/Tiotal
2K~ 2et + c.c.)/Total
2K~ 2ut + c.c.)/Tiotal
arn etut+ c.c.)/Tiotal
K-n—etut+ c.c.)/Tiotal
2K~ et T+ c.c.)/Tiotal
pe”)/Tiotal
pet)/Tiotal
m2eT)/Tiotal

T 2"ﬂ_)/l_total

m et 1) Migtal

K™ 2e—i_)/rtotal

K™ 2“_'_)/rtotal

K-et ”_'_)/rtotal
K*(892) ™ 2u™) /Tiotal
m et et)/Tiotal

LTy ”+)/rtotal

m et ”+)/rtotal
p~ete™)/Miotal

P~ ) Miotal

pet ”+)/rtotal
K-et e—i_)/rtotal

K- ptut )/Ttotal

K™ et 1) /Tigtal
K*(892) " eTeT)/Tiotal
K*(892)™ H+ ”+)/rtota|
K*(892)~ e ™) /Tiotal
D™ et e)/Tiotal

D™ et i) /Miotal
D™yt 1) Tiotal

D*= 1) Motal

Dy pt “+)/rtotal
DOr~ pt pt )/Ttotal

A0 /‘+)/rtotal

A0 e—i_)/rtotal

A0 ”_'_)/rtotal

A0 e_|_)/rtotal

Page 23

[r]
[s]

<8.5x 104, CL = 90%
<1.12 x 1074, CL = 90%
<2.9x 1072, CL = 90%
<2.06 x 10~4, CL = 90%
<3.9x 104, CL = 90%
<1.52 x 10~4, CL = 90%
<9.4 x 1072, CL = 90%
<7.9x 1073, CL = 90%
<2.18 x 1074, CL = 90%
<5.7x 1072, CL = 90%
<1.0 x 1072, CL = 90%
<1.1x 1073, CL = 90%
<4.1x107%, CL = 90%
<1.2x 107, CL = 90%
<8.4x 1079, CL = 90%
<5.2x 1076, CL = 90%
<1.3x 1072, CL = 90%
<6.1x 1076, CL = 90%
<1.4 x 1073, CL = 90%
<2.3x 1078, CL = 90%
<4.0 x 1079, CL = 95%
<1.5x 107, CL = 90%
<1.7x 107, CL = 90%
<42 x 107, CL = 90%
<4.7x10~7, CL = 90%
<3.0 x 1078, CL = 90%
<4.1x 1078, CL = 90%
<1.6 x 10—/, CL = 90%
<4.0x 107, CL = 90%
<5.9x 107, CL = 90%
<3.0x 107, CL = 90%
<2.6 x 1079, CL = 90%
<1.8x 1076, CL = 90%
<6.9x 10—, CL = 95%
<2.4x 1076, CL = 95%
<5.8x 107, CL = 95%
<1.5x 1079, CL = 95%
<6 x 1078, CL = 90%
<3.2x 1078, CL = 90%
<6 x 1078, CL = 90%
<8 x 1078, CL = 90%
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(8% — AL 17)/Tiotal
red — /\2_L e )/Tiotal
FA— 77 e™)/Tiotal
A — L 1)/ Total
A — 7~ et)/Tiotal
F(A — 7 1) /Total
FA— Kte )/Tiotal
A — K+ 1)/ Tiotal
A — K™ eT)/Tiotal
FA— K~ u")/Tiotal
FA = KL)/Miotal
N=" — pu™ 1 )/Tiotal
I_(/\;'_ - ’_’26+)/rtotal
I'(/\;'_ — 52M+)/rtota|
F(AL = Pt ™) Mo
I'(/\;_'_ Tt M+)/rtota|

!

!

<1.4x 1070, CL = 90%
<4 %1070 CcL =90%
<6x 1077, CL = 90%
<6x 1077, CL = 90%
<4x 107, CL = 90%
<6x 107, CL = 90%
<2x1070 CcL =90%
<3x1070 CL =90%
<2x1070, CcL = 90%
<3x1070 CcL =90%
<2x 1075, CL = 90%
<4 %1078, CL = 90%
<2.7x1076, CL = 90%
<9.4x 1079, CL = 90%
<1.6 x 1075, CL = 90%
<7.0 x 1074, CL = 90%

BARYON NUMBER

M(Z — pe)/Tiotal
r(Z - PN)/rtotaI

N~ — pu™ 1) /Tiotal

M=~ — put 1)/ Tiotal

N~ — P7)/Ttotal

rr— — 571'0)/rtotal

Nr— — 52770)/rt0ta|

Nt~ — Pn)/Total

F(r= — B799)/Total

M~ — A7) /Tiotal

MNr— — ﬂw—)/rtota|

r(DO — Pe_)/rtotal [r]
r(DO - ﬁe+)/rtota| [s]
rB* — Aolﬁ_)/rtotal

r(BT — AVet)/ipial

r(B+T — 7A0ut)/Miotal

r(BT — A%et)/Tiotal

r(BY% — /\zfu—)/rtota,
0 + —

r(BY — At e™)/Miotal

<1.8x 107%, CL = 95%
<1.8x 107°, CL = 95%
<4.4x10~7, CL = 90%
<3.3x10~7, CL = 90%
<3.5x 107°, CL = 90%
<1.5x 1073, CL = 90%
<3.3x 1072, CL = 90%
<8.9x 1076, CL = 90%
<2.7x 1073, CL = 90%
<7.2x 1078, CL = 90%
<1.4x 10~ 7, CL = 90%
<1.0 x 1072, CL = 90%
<1.1x 1073, CL = 90%
<6 x 1078, CL = 90%

<3.2x 1078, CL = 90%
<6 x 1078, CL = 90%

<8 x 1078, CL = 90%

<1.4x 107%, CL = 90%
<4x 1075, CL = 90%

p mean life [t] >2.1x 1029 years, CL = 90%

A few examples of proton or bound neutron decay follow. For limits on many other nucleon decay channels,
see the Baryon Summary Table.
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(N — et n) > 2000 (n), > 8200 (p) x 1030 years, CL
= 90%

(N — pta) > 1000 (n), > 6600 (p) x 1030 years, CL
= 90%

(N — eTK) > 17 (n), > 1000 (p) x 1030 years, CL =
90%

(N = ptK) > 26 (n), > 1600 (p) x 1030 years, CL =
90%

limit on n7 oscillations (free n) >0.86 x 108 s, CL = 90%

limit on n7 oscillations (bound n) [u] >1.3x108 s, CL = 90%

MA— 77 e™)/Miotal <6x 1077, CL = 90%

FA — 7t ™) /Miotal <6x 1077, CL = 90%

MA— 7~ eT)/Motal <4 %1077, CL = 90%

FA— 7w ) /Miotal <6 x 107/, CL = 90%

FA — KT e™)/Tiotal <2x 1076, CL = 90%

FA — Kt ™) /Tiotal <3x107%, CL = 90%

FA— K= et)/Tioal <2x107%, CL = 90%

MA— K™ pu)/Tiotal <3x 1079, CL = 90%

rA— K%v)/Miotal <2 x 1072, CL = 90%

FA — ) /Tiotal <9 x 1077, CL = 90%

FAL — p2et)/Tiotal <2.7x 107%, CL = 90%

rAL = p2ut)/Miotal <9.4 x 1079, CL = 90%

r(Af — petu®)/Miotal <1.6 x 1072, CL = 90%

ELECTRIC CHARGE (Q)

e — Vg7 and astrophysical limits [v] >6.6 x 1028 yr, CL = 90%
M(n — preZe)/Tiotal <8 x 10727, CL = 68%

AS = AQ RULE

Violations allowed in second-order weak interactions.

Nkt — 7t 7t e 5.)/Teotal <1.3x 1078, CL = 90%
MK = 7T 7t 0™ 7,) /Notal <3.0x 1076, CL = 95%
Re(x ), Kg3 parameter (—0.9 £ 3.0) x 10-3
x=AKO = 770t u)/AKO = 770t v) = A(AS=—AQ)/A(AS=AQ)
real part of x —0.002 £ 0.006
imaginary part of x 0.0012 + 0.0021
Nt — neto)/I(Z= — nt—7o) <0.043
(=t — netwy)/Tiotal <5x 1076, CL = 90%
Mt — nptv,)/Miotal <3.0 x 1072, CL = 90%
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M0 - = etvy)/Tiotal <9 x 1074, CL = 90%
r=0 — st v.)/Ttotal <9x 1074, CL = 90%

AS = 2 FORBIDDEN

Allowed in second-order weak interactions.

M2 = pn)/Trotal <8x107%, CL = 90%
[E0 — pe7.)/Miotal <1.3x 1073

=0 - pu— 7,)/Total <13 1073

M=~ — nn)/Teggal <1.9 x 1075, CL = 90%
M=~ — ne”7.)/Tiotal <3.2x 1073, CL = 90%
M(E — i 7,)/Teogal <1.5x 1072, CL = 90%
[E~ = pr 7 )/ Feopal <4 x 1074, CL = 90%
M=~ — pr e Te)/Tiotal <4 x 104, CL = 90%
rn=— — Pﬂ"_#_vu)/rtotal <4x107%, CL = 90%
MR~ — A17)/Tiotal <29 %1076, CL = 90%

AS = 2 VIA MIXING

Allowed in second-order weak interactions, e.g. mixing.

mo — M (0.5293 =+ 0.0009) x 1010 7 s—1 (S = 1.3)
L S
0o —m (3.484 + 0.006) x 1012 MeV

m 0
K1 Ks

AC = 2 VIA MIXING

Allowed in second-order weak interactions, e.g. mixing.

0.41 —
|mD(1) - ng| = af (095 g as) x 1010 7 s~1
0.14 —
(rD(f - ng)/r =2y (1297 778) x 1072
AB = 2 VIA MIXING
Allowed in second-order weak interactions, e.g. mixing.
Xd 0.1875 + 0.0017
Ampgg = Mgy ~ Mpo (0.5096 =+ 0.0034) x 1012 7 s—1
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xg = Amgo /T go 0.775 + 0.006

Ampg =mpgy —mpgg (17.757 £ 0.021) x 1012 7 s~ 1
s sH sL

x5 = Ampgo /T go 26.81 + 0.10

Xs 0.499308 = 0.000005

AS =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

MKt — 7tete™)/Motal (3.00 + 0.09) x 10—/
MKt = 7t ut 1)/ Tiotal (9.4 £ 0.6) x 1078 (S = 2.6)
MKt — 7t wD)/Miotal (1.7 £ 1.1) x 10710
r(kt — 7t 79up)/Miotal <43 %1072, CL = 90%
MKS — 1 17)/Miotal <9x 1079, CL = 90%
M(KS — et e™)/Tiotal <9x 1079, CL = 90%
r(KOS — x0et e )/Ttotal [x] (301_%2) % 109
F(KS — 70t =)/ Miotal (29713) x 1079
MK — ™t 17)/Tiotal (6.84 + 0.11) x 1079
F(KY — ete™) /Mol (979) x 10712
MKY — 7F = eTe™)/Miotal [y] (3.11 +0.19) x 10~/
r(K(B — 70m0ete™) /Ml <6.6 x 1079, CL = 90%
r(K(L) — 700yt ) Mol <9.2x 10711 cL = 90%
MKY — wtp=ete™)/Miotal (2.69 £+ 0.27) x 109
MKY — ete et e )/Miptal (3.56 + 0.21) x 10~8
F(KY — 7Ot 1) /Tiotal <3.8x 10710, CL = 90%
r(K(B — w0ete™) /Mol <2.8x 10710, cL = 90%
r(K(L) — 1OUD) /T otal <2.6 x 1078, CL = 90%
r(KY — 7O70um)/r il <8.1x 1077, CL = 90%
Nt — pet e )/Tiotal <7x1076
r=t — put ™)/ Miotal (973) x 1078
AC =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.
(Dt — ntete™)/Miotal <1.1x107% CL = 90%
(ot — =t put ™) /Miotal <7.3x 1078, CL = 90%
(Dt — ptut ™) /Tiotal <5.6 x 1074, CL = 90%
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YY)/ Ttotal

et e™)/Tiotal

pt 17 )/ Tiotal

net e )/Total
wOptp~ )/Ttotal
net e™)/Tiotal

77.U+ N_)/rtotal
atr—et e )/Total
et e )/Total
Tt #7)/Tiotal
P01t 1) Teotal
wet e )/Total

wu #7)/Tiotal

K™ KT eTe™)/Tiotal
pet e )/Ttotal
K™Kt ut #7)/Total
put )/Ttotal

K- ntet e )/Tiotal
K™t 1 17)/Meotal
nta a0 Tas 17 )/ Total
Ktet e )/Total
Kt utp~ )/Ttotal
K*(892)+H+ 1)/ Teotal
pet e )/Ttotal

Pt ) Tiotal

<2.2x1079, CL = 90%
<7.9%x 1078, CL = 90%
<6.2 x 1079, CL = 90%
<45 %1072, CL = 90%
<1.8 x 1074, CL = 90%
<1.1 x 1074, CL = 90%
<5.3 x 1074, CL = 90%
<3.73 x 104, CL = 90%
<1.0 x 1074, CL = 90%
<5.5x 10"/, CL = 90%
<22 %1072, CL = 90%
<1.8x 1074, CL = 90%
<83 x 1074, CL = 90%
<3.15 x 104, CL = 90%
<5.2 x 1072, CL = 90%
<33 x 1072, CL = 90%
<3.1x 1072, CL = 90%
<3.85 x 104, CL = 90%
<3.50 x 104, CL = 90%
<8.1x 1074, CL = 90%
<3.7x107°, CL = 90%
<2.1x 1072, CL = 90%
<1.4 x 1073, CL = 90%
<55 x 1079, CL = 90%
<4.4 x 1072, CL = 90%

AB =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

LaNaAN )/Ttotal

mtet e )/Ttotal
mtpt )/Ttotal

Las v7)/Tiotal

Ktete )/Ttotal

KT et e )/Ttotal
KTt 1)/ Tiotal
K+7V)/rtota|

pt v7)/Tiotal
K*(892) T 41 07) /Tyotal
K*(892)TeTe™)/Tiotal
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[2]

[2]

<4.9 x 1078, CL = 90%
<8.0 x 1078, CL = 90%
(1.79 + 0.23) x 10~8

<9.8 x 1073, CL = 90%

(451 +0.23) x 1077 (S = 1.1)

(5.5 + 0.7) x 10~/

(4.43 + 0.24) x 10~ 7 (S = 1.2)

<1.6 x 1072, CL = 90%
<213 x 104, CL = 90%

(1.01 £ 0.11) x 1076 (s = 1.1)

(1557039) x 106
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rs+

- K*(892)+M+ 1)/ Tiotal
F(BT — K*(892)TvD)/Myotal
r(B+ — K+7r+7r_u+u_)/rtota|
rBet — ¢K+M+M_)/rtotal
r(BO - 7’7)/rtota|
r(BY — ete™)/Miotal
I‘(B0 — et e 7)/Total
r(BO — M+M_)/rtota|
r(BO - M+ o 7)/rtota|
r(BY — wtp™ p ™) Total
rB% — sp, S— ptu=, P— wtpu™)/Motal
r(BY — 7 77)/Tiotal
r(BY — w00t e7)/Miotal
r(B9 — r9ete™)/Tiotal
r(B% — 70utu=)/Miotal
r(BY — 0t e7)/Tiotal
r(BY — nete™)/Motal
F(B% — nut 1)/ Meotal
r(B9 — 70um)/Miotal
r(BY — KOt e7)/Total
r(BY — KOete™)/Tiotal
r(BO - KOM+M_)/rtota|
r(B% — KOum)/Tiotal
r(BO — pouﬁ)/rtotaﬂ
r(BY — K*(892)0¢t¢7)/Tiotal
r(BY — K*(892)0t e™)/Tiotal
r(B% — K*(892)0 ut 1) /Tiotal
r(B% — K*(892)0v7)/Motal
re% — ¢v7)/Tiotal
r(BY — invisible)/Tyopa
r(BY — v7y)/Tiotal

rB — se+e_)/rtota|
rB— sut £ )/ Tiotal
F(B— stT07)/Tiotal

M(B — 70T¢7)/Total

(B — mete™)/Miotal

re — 7TM+M_)/rtota|

(B — KeTe )/Miotal

M(B — K*(892)eTe™)/Tiotal
re — KM+ H_)/rtotal
rB— K*(892)M+ 1)/ Tiotal

HTTP://PDG.LBL.GOV

(9.6 = 1.0) x 10—/

<4.0 x 1072, CL = 90%
(4.4 +£0.4) x 10~ 7
(7.9721) x 108

<3.2x 1077, CL = 90%
<8.3x 1078, CL = 90%
<1.2x 107, CL = 90%
(3.9719) x 10710

<1.6 x 10—/, CL = 90%
<5.3x 1079, CL = 90%
<5.1 x 1079, CL = 90%
<4.1x 1073, CL = 90%
<5.3x 1078, CL = 90%
<8.4x 1078, CL = 90%
<6.9 x 1078, CL = 90%
<6.4 x 1078, CL = 90%
<1.08 x 10—/, CL = 90%
<1.12x 1077, CL = 90%
<6.9 x 1072, CL = 90%
(3.1758) x 1077
(16159) x 1077

(3.39 + 0.34) x 10~/
<4.9 x 1072, CL = 90%
<2.08 x 1074, CL = 90%
(9.9 1%) x 1077
(1.037012) x 1070
(1.02 + 0.09) x 10~
<5.5x 1072, CL = 90%
<1.27 x 1074, CL = 90%
<2.4 % 1075, CL = 90%
<1.7x 1072, CL = 90%
(6.7 +1.7) x 1070 (S = 2.0)
(43 +1.0) x 1070

(5.8 +1.3) x 1070 (5 = 1.8)
<5.9 x 1078, CL = 90%
<1.10 x 10—/, CL = 90%
<5.0 x 1078, CL = 90%
(4.4 £ 0.6) x 10~/

(1.19 £ 0.20) x 1076 (s =1.2)
(4.4 +£0.4) x 10~ 7

(1.06 + 0.09) x 10~°
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M(B — KETE7)/Tiotal (4.8 +0.4) x 1077

M(B — K*(892)¢T ™) /Tiotal (1.05 + 0.10) x 1070
M(B — KvD)/Tiotal <1.7x 1072, CL = 90%
M(B — K*uD)/Tiotal <7.6 x 1072, CL = 90%
F(b — 57v)/Tiotal <6.4 x 1074, CL = 90%
rb— ete™ anything) /Ty ot —

F(b — ptp™ anything)/Tioeal <3.2x 1074, CL = 90%
F(b — vwanything)/Tioia —

r(BY — ¥9)/Tiotal <3.1x107°, CL = 90%
r(B9 — wtu™)/Miotal 29187y x 1079

r(BY — ete™)/Miptal <2.8x 1077, CL = 90%
r(BY — wtu=utu™)/Miotal <12x 1078, CL = 90%
rBY— sp, s— ptu=, P— ptu™)/Tioal [aa] <1.2x 1078, CL = 90%
r(BY — ¢(1020) u™ 1™)/Tioral (8.2 +1.2) x 10~/
I_(Bg — ata—ut 1)/ Tiotal (8.4 £1.7) x 10-8
r(BY — ¢v9)/Miotal <5.4x 1073, CL = 90%

AT =1 WEAK NEUTRAL CURRENT FORBIDDEN
Allowed by higher-order electroweak interactions.

M(t— Zq(g=u,c))/Total [bb] <5 x 10~4, CL = 95%

NOTES

[a] C parity forbids this to occur as a single-photon process.

[b] See the Particle Listings for the (complicated) definition of this quantity.
[c] Time-reversal invariance requires this to be 0° or 180°.

[d] This coefficient is zero if time invariance is not violated.

[e] Allowed by higher-order electroweak interactions.

[f] Violates CP in leading order. Test of direct CP violation since the in-
direct CP-violating and CP-conserving contributions are expected to be
suppressed.

[g] In the 2010 Review, the values for these quantities were given using a
measure of the asymmetry that was inconsistent with the usual definition.

[h] Re(€’' /e) = €' /€ to a very good approximation provided the phases satisfy
CPT invariance.
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[/] This mode includes gammas from inner bremsstrahlung but not the direct
emission mode K¢ — 77~ ~(DE).

[/] Neglecting photon channels. See, e.g., A. Pais and S.B. Treiman, Phys.
Rev. D12, 2744 (1975).

[k] Derived from measured values of ¢, _, ¢qo, ‘n‘ ‘mKO — ng‘, and

T 0, aS described in the introduction to “Tests of Conservation Laws.”
S

[/] The |[mp—m5|/m, and |q, + g5|/e are not independent, and both use
the more precise measurement of |q5/mgz|/(qp/m)).

[n] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[0] A test of additive vs. multiplicative lepton family number conservation.

[p] The sign of Am%2 is not known at this time. The range quoted is for
the absolute value.

[q] Derived from an analysis of neutrino-oscillation experiments.

[r] This limit is for either DY or D° to pe~.

[s] This limit is for either D® or D° to pe™.

[t] The first limit is for p — anything or " disappearance” modes of a bound
proton. The second entry, a rough range of limits, assumes the dominant
decay modes are among those investigated. For antiprotons the best
limit, inferred from the observation of cosmic ray p's is 75 > 107
yr, the cosmic-ray storage time, but this limit depends on a number of
assumptions. The best direct observation of stored antiprotons gives
75/B(P — € 79) > 7 x 10° yr.

[u] There is some controversy about whether nuclear physics and model
dependence complicate the analysis for bound neutrons (from which the

best limit comes). The first limit here is from reactor experiments with
free neutrons.

[v] This is the best limit for the mode e~ — v~. The best limit for “electron
disappearance” is 6.4 x 102 yr.

[x] See the KOS Particle Listings for the energy limits used in this measure-
ment.

[y] See the K(Z Particle Listings for the energy limits used in this measure-
ment.

[z] An £ indicates an e or a  mode, not a sum over these modes.

[aa] Here S and P are the hypothetical scalar and pseudoscalar particles with
masses of 2.5 GeV/c? and 214.3 MeV/c?, respectively.

[bb] This limit is for [(t — Zq)/T(t — Wb).
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